Climate and environmental changes are determinant for coral distribution and their very existence. Effects of such changes on distribution can be predicted through ecological niche models, anticipating suitable habitats for subsistence of species. Mussismilia harttii is one of the most widespread Brazilian endemic reef building corals, and in increasing risk of extinction. The ecological niche models were used through the maximal entropy approach to determine the potential present and future habitats for M. harttii, estimating suitable habitat losses and gains at the end of the 21st century. For this purpose, records published in the last 20 years and current and future environmental variables were correlated. The models were evaluated through the Area Under the Operational Curve of the Receiver, using the AUC values and additionally AUCratio, a new approach using independent occurrence data. Both approaches showed that the models performed satisfactorily in predicting areas of potential habitat for the species.
Introduction
Coral reefs are one of the most valuable ecosystems on earth [1] providing a number of ecological services [2] , such as shelter for associated fishes [3] and crustaceans [4, 5, 6, 7] , also serving as substrate for coraline algae [8, 9] . Stable water conditions are determinant for the maintenance of living corals on reefs [10] . However, effects of climate changes put at least 50 % of shallow-water species in critical risk of extinction in the next 20 years [11, 12] .
In the Southwestern Atlantic, coastal reef communities occur along of 3000 km of the Brazilian coastline [13] , showing high endemism of reef-building species [14] .
Four of those species belong to the genus Mussismilia, commonly known as braincorals [15, 16, 17] . Although molecular assessments on Mussismilia are still rare [18] , the distinctiveness between species is well established, allowing rapid identification on field [15] . The genus has at least two species in risk of extinction: M. braziliensis and M. harttii [19] . The first is restricted to shallow reefs of Bahia State and Abrolhos reefs, whereas the latter is found from the coast of Ceará to Espírito Santo States (from -3.822 to -40.583 latitud), commonly at depths of 2 -6 m, and isolated records of up to 80 m [20] .
Mussismilia harttii shows the lowest coverage percentages among its congeners [21] , currently with populations in severe decline [19] . However, its conservation status at the IUCN (International Union for Conservation of Nature) database is still regarded as "Data Deficient" (DD). In contrast, the "Red Book of the Brazilian Fauna Threatened with Extinction" (2014, 2018) , classifies the species as EN (Endangered) [19] .
The distribution of marine organisms, such as corals, is determined by interactions of physical, chemical and biological factors [22] . Based on that, Ecological Niche Models (ENMs) approaches can provide information on the potential distribution of species within specific study areas [23] . ENMs associates environmental or spatial data to a set of distributional informations, such as distribution records [24] , to outline the environmental conditions in which a given species may occur [25] indicating the most suitable areas for its occurrence [26, 27] . These models have been broadly applied to: prevent marine bioinvasions [28] , conservation management planning [29] , and especially to studies on climate changes [30, 31] , predicting possible shifts on geographical distributions of key species [32] .
The ENM also can be used to calculate the relative adequacy of a given habitat occupied by a species and to estimate changes in such suitability over time [33] . In the present study, we applied ENMs to generate maps of Current Potential Habitat (CPH) and Future Potential Habitat (FPH) for M. harttii at the end of the 21st century. These maps indicate potentially suitable areas and estimate habitat gains and losses in the different climatic scenarios projected. The projections will serve as tools for management plans and reef conservation in the southwest Atlantic reefs.
Materials and methods

Study area
The studied area comprises the Brazilian Exclusive Economic Zone -EEZ, in which M. harttii potentially occurs, from the intertidal zone to 100 m deep [34] , based on all current records of its distribution [35, 36] . The study area also includes the priority areas for conservation according the Brazilian Ministry of the Environment (Portaria N° 19, of March 9, 2016 -ICMBio) ( Fig 1) . 
Occurrence records
An extensive search was made in specialized literature through academic indexing portals using the terms "Mussismilia", "harttii", "Brazil", and "Brasil", with publications containing precise geographic information (latitude, longitude and/or maps). Records of occurrence without georeferenced data were not used in the analyzes.
These publication records were used to discuss the suitable area provided by the models. The search focused on records of M. harttii in the last two decades, avoiding the temporal decay in the quality of presence data due to the inherent dynamism of natural systems [37] . Sometimes, these data may be influenced by drastic phenomena, such as the local extinction of species [38] or changes in its distribution and abundance patterns [39] . Sampling bias on occurrence data are also common in areas of greater accessibility (more studied) because of regional interests [40] . This may reduce the model's ability to predict the spatial data independence [41] . Alternatively, simple rarefaction method was used to reduce the autocorrelation of such points of occurrence, using SDMtoolbox v. 2.2 [42] , in which they were filtered (Fig 1) , reducing data to only one point per pixel of 1km², which was selected for modeling.
Species data collected in situ, from reefs located in the States of Paraíba, Pernambuco, Alagoas, Bahia, as well as independent species presence data, were not used during the modeling process, but a posteriori to evaluate the model [43] .
Selection of environmental layers
The environmental characterization variables provided by Bio-oracle available online (www.bio-oracle.org) were used. This global database provides current in situ and satellite-based oceanic information [22] . Bio-oracle also provides future variables based on the projections made by the International Panel on Climate Change (IPCC) for 2100 [44] , in scenarios with different levels of greenhouse gas concentration (Representative Concentration Pathways -RCPs) [45] . These variables were cut to the extent of our study area [46] and re-sampled for the 30 arc seconds resolution (~ 1 km), as it is more indicated in local scale studies [47] and also due to low dispersal efficiency of the species.
The number of variables used may depend on the number of occurrence records [48] , and when there are few records, such as endemic or threatened species, a small number of variables may be sufficient [49] . In order to generate the CPH map, 12 uncorrelated variables (Table 1) 
Modeling process approach
The maximum entropy approach MaxEnt v. 3 In the first step, we used relevant non-correlated variables and the filtered points of occurrence ( Fig 1) . To design the M. harttii FPH in the three future scenarios, MaxEnt was calibrated with the same parameters of steps 1 and 2, and also with: mean temperature, salinity and current velocity for the year 2100.
Suitability area
Based on threshold values, the continuous maps of CPH and FPH were transformed into binary maps of suitability or probability [66], in which pixels are classified as "adaptive / presence" and "non-adaptive / absence" [43] . Table 2 ). The AUC (S8 Appendix) and
Evaluation of the models
AUCratio (S9 Appendix) of the model were 0.973 and 1.912065, respectively. Table 2 ). The AUC (S10 Appendix) and AUCratio (S11 Appendix) of the model Table 2 ). Table 3 ). In the three future scenarios (RCPs), 60 % of the new areas suitable for the species were concentrated between 20 m and 50 m, mostly to the south of the São Francisco River (Table 3 ).
In summary, in the future scenarios there was a latitudinal restriction of appropriate areas for M. harttii (-6.751 ° to -19.894 ° latitud), but it increased (67 -88 %) towards deeper waters.
Discussion
Visualization and Interpretation of Ecological Niche Models
Predicting and mapping potential suitable habitats for threatened and endangered species is critical for monitoring and restoring their natural populations [78] . In this sense, the modeling approach is an effective tool, which can predict the direction of contractions and expansions of species distribution [79], producing probability maps for presence or relative suitability of a species [80]. 
